In this paper, we consider correlation coefficient, rank correlation coefficient and cosine similarity measures for evaluating similarity between Homo sapiens and monkeys. We used DNA chromosomes of genome wide genes to determine the correlation between the chromosomal content and evolutionary relationship. The similarity among the H. sapiens and monkeys is measured for a total of 210 chromosomes related to 10 species. The similarity measures of these different species show the relationship between the H. sapiens and monkey. This similarity will be helpful at theft identification, maternity identification, disease identification, etc.
Introduction
Similarity measures are most important operations used in analyzing genomic data. One of the most widely used analysis paradigm is guilt-by-association that requires for measuring the similarity between the pair of genes. Guilt-by-association is important for the analysis of genome interactions because relation of two neighbor genes is often easier to interpret than direct interactions between genes [1, 2, 3] . A genome interaction is a measure of how surprising a genome feature is similar when compared to phenomenon of another genome [4, 5, 6, 7] .
In this study we consider chromosomes of Homo sapiens and different kinds of monkeys called Callithrix jacchus, Chlorocebus sabaeus, Gorilla gorilla, Macaca fascicularis, Macaca mulatta, Nomascus leucogenys, Pan troglodytes, Papio anubis and Pongo abelli.
We also develop 2 0 shaft string matching algorithm that consists of input & output, initialization, main function, search function and shift_left_to_right function. The genome sets and different patterns (TAGA, AGAA,GATA,TCTA,TCAT,GAAT,AGAT,CTTT,TATC,TCTG) are taken as input. The sample_id, sample_name, sample_chromosome_name, lineno, position, noofoccurences, codi are returned as output. multiple_pattern(all patterns in the set), n(text length), m(pattern length) and all the remaining variables required in the process are initialized. In the main function the genome set is read on chromosome by chromosome basis, the individual chromosome is given to shift_left_to_right function. The shift_left_to_right function takes the rightmost character of the pattern and compares it with the characters in the text. If match occurs the position (shift value) of the text is returned to the main function. Once it receives the shift value the search function is called. In the search process character by character is compared from both the directions until a complete match or missmatch occurs. In case match occurs the successive occurrence of the pattern is computed. If the successive occurrence size is greater than 2 then the data is stored in the data base(TandemRepeatDB). If mismatch occurs the same procedure is repeated until end of the text T. The relations created and stored in TandemRepeatDB data base with names of homo_sapiens, callithrix_ jacchus, chlorocebus_sabaeus, gorilla_gorilla, macaca_fascicularis, macaca_mulatta, nomascus_leucogenys, pan_troglodytes, papio_anubis and pongo_abelli.
Materials and methods
In this study, four benchmarked similarity measures are consider and applied on the values of genome datasets of H. sapiens, C. jacchus, C. sabaeus, G. gorilla, M. fascicularis, M. mulatta, N. leucogenys, P. troglodytes, P. anubis and P. abelli [8] . The similarity measures studied in the paper are Correlation coefficient [9, 10] , Rank correlation coefficient [11, 12] and Cosine similarity [13, 14] .
Correlation coefficient
A correlation coefficient [9, 10] is a coefficient that illustrates a quantitative measure of correlation and dependence. It shows the statistical relationships between two or more random variables or observed data values. Different correlation coefficients are available in literature, but in this paper, Pearson's correlation coefficient is considered and denoted by r (X,Y) or simply r. The Karl Pearson can be measured by the formula.
where cov(X,Y) is the covariance between X and Y variables and is defined as cov(X,Y)= 1 n ∑ðX i −XÞðY i −YÞ . However, it can also be written as cov(X,Y) = 1 n ∑ðX i Y i −XYÞ. Further, n is the number of observations used to fit the model, Σ is the summation symbol, X i is the X value for observation i, X is the mean X value, Y i is the Y value for observation i, Y is the mean Y value, σ X and σ Y are standard deviations of X and Y variables and σ X ¼ . By executing the SQL query π max(noofoccurences) (σ codi={TAGA, AGAA,GATA,TCTA, TCAT, GAAT,AGAT, CTTT,TATC,TCTG} ({homo_sapiens, callithrix_jacchus, chlorocebus_ sabaeus, gorilla_gorilla, macaca_fascicularis, macaca_mulatta, nomascus_ leucogenys, pan_troglodytes, papio_anubis and pongo_abelli})) on TandemRepeatDB tables, MAXIMUM Tandem Repeats of each repeat in all genome tables are extracted. The queried data is given as input to correlation coefficient measure, the measures are shown in Table 1 .
Notations. In all the tables rows represent genome data sets and columns represent Tandem Repeats. The data in tables shows similarity measures of corresponding genome data. Table 1 shows the correlation coefficient measures of H. sapiens genomes versus C. jacchus, C. sabaeus, G. gorilla, M. fascicularis, M. mulatta, N. leucogenys, P. troglodytes, P. anubis and P. abelli genomes.
From Table 1 , it is observed that every Tandem Repeat has shown the positive correlation, and also observed the following correlations:
▪ TATC Tandem Repeat has shown a highest positive correlation(0. 4) between H. sapiens and C. jacchus, whereas TCTG has shown a less positive correlation(0.03). ▪ TATC Tandem Repeat has shown a highest positive correlation(0.28) between H. sapiens and C. sabaeus, whereas AGAT has shown a less positive correlation(0.001087). ▪ TCTA Tandem Repeat has shown a highest positive correlation(0.74) between H. sapiens and G. gorilla, whereas GAAT has shown a less positive correlation(0.01365). ▪ TCTG Tandem Repeat has shown a highest positive correlation (0.266) between H. sapiens and M. fascicularis, whereas TAGA has shown a less positive correlation(0.1079). ▪ TCTA Tandem Repeat has shown the highest positive correlation(0.25) between H. sapiens and M. mulatta, whereas TAGA has shown a less positive correlation(0.018). ▪ AGAT Tandem Repeat had shown the highest positive correlation(0.3147) between H. sapiens and N. leucogenys, whereas CTTT has shown a less positive correlation(0.089).
▪ TATC Tandem Repeat has shown a highest positive correlation(0.2737) between H. sapiens and Pantroglodytes, whereas AGAT has shown a less positive correlation(0.052729). ▪ GAAT Tandem Repeat has shown the highest positive correlation(0.464) between H. sapiens and P. anubis, whereas TCAT has shown a less positive correlation(0.010851). ▪ TAGA Tandem Repeat has shown a highest positive correlation(0.537) between H. sapiens and P. abelli, whereas GATA has shown a less positive correlation(0.013134).
Inference. The overall highest value 0.74 occurred at TCTA Tandem Repeat of G. gorilla shows a positive correlation between the sets of H. sapiens and G. gorilla. Tables 2, 3 , 4, 5, 6, 7, 8 and 9 have shown the correlation coefficient measures among the different genome data sets. Observations which are very similar to those from Table 1 can also be made from the other Tables 2, 3 ▪ The highest value 0.8307 corresponding to TCTG Tandem Repeat of P. troglodytes from the Table 2 shows a positive correlation between the sets of C. jacchus and P. troglodytes. ▪ The highest value 0.93 corresponding to TATC Tandem Repeat of M.
mulatta from the Table 3 shows a positive correlation between the sets of C. sabaeus and M. mulatta. ▪ The highest value 0.68 corresponding to GATA Tandem Repeat of N. leucogenys from the Table 4 shows a positive correlation between the sets of G. gorilla and N. leucogenys. ▪ The highest value 0.72 corresponding to GAAT Tandem Repeat of N. leucogenys from the Table 5 shows a positive correlation between the sets of M. fascicularis and N. leucogenys. ▪ The highest value 0.916 corresponding to TAGA Tandem Repeat of P.
troglodytes from the Table 6 shows a positive correlation between the sets of M. mulatta and P. troglodytes. ▪ The highest value 0.840 corresponding to TAGA Tandem Repeat of P. abelli from the Table 7 shows a positive correlation between the sets of N. leucogenys and P. abelli. ▪ The highest value 0.686 corresponding to TAGA Tandem Repeat of P. anubis from the Table 8 shows a positive correlation between the sets of P. troglodytes and P. anubis. ▪ The highest value 0.56 corresponding to TAGA Tandem Repeat of Pongo abelli from the Table 9 shows a positive correlation between the sets of P. anubis and P. abelli.
Rank correlation coefficient
A rank correlation coefficient [11, 12] measures the degree of similarity between two sets of data, and can be used to assess the significance of the 
is the difference of ranks of X i and Y i for each i, and n is the number of pairs of observations. By executing the SQL query π max(noofoccurences) (σ codi ={TAGA, AGAA, GATA, TCTA, TCAT,GAAT, AGAT, CTTT,TATC,TCTG} {homo_sapiens, callithrix_jacchus, chlorocebus_sabaeus, gorilla_gorilla, macaca_fascicularis, macaca_mulatta, nomascus_leucogenys, pan_troglodytes, papio_anubis and pongo_abelli})) on TandemRepeatDB tables, MAXIMUM Tandem Repeats of each repeat in all genome tables are extracted. The queried data has been arranged in the form of ranks. The ranks are given as input to rank correlation coefficient measure; the measures are shown in Table 10 . Table 10 shows the rank correlation coefficient measures of H. sapiens genomes versus C. jacchus, C. sabaeus, G. gorilla, M. fascicularis, M. mulatta, N. leucogenys, Pan troglodytes, P. anubis and P. abelli genomes.
From the Table 10 , it is observed that every Tandem Repeat has shown a positive rank correlation, and also observed the following correlations: Inference. ▪ The highest value 0.997 corresponding to AGAA Tandem Repeat of P. abelli from the Table 11 shows a positive correlation between the sets of C. jacchus and P. abelli. ▪ The highest value 0.997 corresponding to AGAA Tandem Repeat of M. mulatta from the Table 12 shows a positive correlation between the sets of C. sabaeus and M. mulatta. ▪ The highest value 0.997 corresponding to AGAA Tandem Repeat of P. anubis from the Table 13 shows a positive correlation between the sets of G. gorilla and P. anubis. ▪ The highest value 0.997 corresponding to AGAA Tandem Repeat of P. anubis from the Table 14 shows a positive correlation between the sets of M. fascicularis and P. anubis. ▪ The highest value 0.998 corresponding to AGAA Tandem Repeat of P. anubis from the Table 15 shows a positive correlation between the sets of M. mulatta and P. anubis. ▪ The highest value 0.996 corresponding to AGAA Tandem Repeat of P. abelli from the Table 16 shows a positive correlation between the sets of N. leucogenys and P. abelli. ▪ The highest value 0.986 corresponding to AGAA Tandem Repeat of P. anubis from the Table 17 shows a positive correlation between the sets of Pan troglodytes and P. anubis. ▪ The highest value 0.997 corresponding to AGAA Tandem Repeat of P. abelli from the Table 18 shows a positive correlation between the sets of P. anubis and P. abelli. 
Cosine similarity
Cosine similarity [13, 14] is a measure of similarity between two data sets. The cosine of two sets can be derived by the Euclidean dot product formula as
where n is the number of observations, Σ is the summation symbol, X i is the X value for observation i, Y i is the Y value for observation i. By executing the SQL query π max(noofoccurences) (σ codi ={TAGA,AGAA,GATA,TCTA, TCAT, GAAT,AGAT,CTTT,TATC,TCTG} ({homo_sapiens, callithrix_jacchus, chlorocebus_sabaeus, gorilla_gorilla, macaca_fascicularis, macaca_mulatta, nomascus_leucogenys, pan_troglodytes, papio_anubis and pongo_abelli})) on TandemRepeatDB tables, MAXIMUM Tandem Repeats of each repeat in all genome tables are extracted. The queried data has been given as input to cosine similarity measure; the measures are shown in Table 19 . Table 19 shows the cosine similarity measures of Homo sapiens genomes versus Callithrix jacchus, Chlorocebus sabaeus, Gorilla gorilla, Macaca fascicularis, Macaca mulatta, Nomascus leucogenys, Pan troglodytes, Papio anubis and Pongo abelli genomes.
From Table 19 , it is observed that every Tandem Repeat has shown a good relation, and also observed the following relations: ▪ AGAA Tandem Repeat has shown a good relation (0.926) between H. sapiens and C. jacchus, whereas GATA has shown a weak relation(0.608). ▪ AGAA Tandem Repeat has shown a good relation (0.883) between H. sapiens and C. sabaeus, whereas AGAT has shown a weak relation (0.662). ▪ TAGA Tandem Repeat has shown a good relation (0.866) between H. sapiens and G. gorilla, whereas AGAT has shown a weak relation (0.567). ▪ AGAA Tandem Repeat has shown a good relation (0.905) between H. sapiens and Macaca fascicularis, whereas AGAT has shown a weak relation (0.562). ▪ AGAA Tandem Repeat has shown a good relation (0.942) between H. sapiens and M. mulatta, whereas TCAT has shown a weak relation (0.594). ▪ AGAA Tandem Repeat has shown a good relation (0.968) between H. sapiens and N. leucogenys, whereas TAGA has shown a weak relation (0.586).
▪ CTTT Tandem Repeat has shown a good relation (0.847) between H. sapiens and Pan troglodytes, whereas GATA has shown a weak relation (0.666). ▪ AGAA Tandem Repeat has shown a good relation (0.944) between H. sapiens and P. anubis, whereas GATA has shown a weak relation(0.556). ▪ AGAA Tandem Repeat has shown a good relation (0.946) between H.
sapiens and pongo abelli, whereas TCTA has shown a weak relation (0.498).
Inference. The overall highest value 0.968 occurred at AGAA Tandem Repeat of N. leucogenys shows a good relation between the sets of H. sapiens and N. leucogenys.
Tables 20, 21, 22, 23, 24, 25, 26 and 27 have shown the cosine similarity measures among the different genome data sets. Observations which are very similar to those from Table 19 can also be made from the other  Tables 20,21 ,22, 23, 24, 25, 26, and 27. Some of the observations are:
▪ The highest value 0.919 corresponding to AGAA Tandem Repeat of P. abelli from the Table 20 shows a good relation between the sets of C. jacchus and P. abelli. ▪ The highest value 0.910 corresponding to CTTT Tandem Repeat of N. leucogenys from the Table 21 shows a good relation between the sets of C. sabaeus and N. leucogenys. ▪ The highest value 0.929 corresponding to AGAA Tandem Repeat of N. leucogenys from the Table 22 shows a good relation between the sets of G. gorilla and N. leucogenys. ▪ The highest value 0.979 corresponding to CTTT Tandem Repeat of M.
mulatta from the Table 23 shows a good relation between the sets of M. fascicularis and M. mulatta. ▪ The highest value 0.962 corresponding to AGAA Tandem Repeat of P. anubis from the Table 24 shows a good relation between the sets of M. mulatta and P. anubis. ▪ The highest value 0.910 corresponding to AGAA Tandem Repeat of P. anubis and P. abelli from the Table 25 shows a good relation between the sets of N. leucogenys, P. anubis and P.abelli. ▪ The highest value 0.910 corresponding to AGAA Tandem Repeat of P. anubis from the Table 26 shows a good relation between the sets of P. troglodytes and P. anubis. ▪ The highest value 0.925 corresponding to TCTA Tandem Repeat of P. abelli from the Table 27 shows a good relation between the sets of P. anubis and P. abelli. 
Purpose of the research
To perform a DNA analysis, DNA is first extracted from a sample. Just one nano-gram of DNA is usually a sufficient quantity to provide good data. In order to match the two DNA sequences, for example, theft evidence to a suspect, a string matching algorithm would search the allele of the 10 STRs [15] for both the evidence sample and the suspect's sample, data base is prepared. If Suspect A is the source of theft sample and Suspect B is in other side, then the similarity between the evidence and suspect is measured from the extracted data with database. This similarity value tells the similarity between A and B. Basing on the resultant values the decision will be taken.
Conclusions
This study measures the similarity between the Homo sapiens and monkeys by considering correlation coefficient, rank correlation coefficient and cosine similarity. From the Tables 1, 10 and 19, the linear increasing relationship for all the considered similarity measures can be observed. It is also observed that monkeys have a close correlation with H. sapiens. 
